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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide specification 
of a tunnel magnetoreistance effect element which 
can obtain satisfactory characteristics of a tunnel 
magneto resistance effect element, in particular, a 
large head output. 

SOLUTION: This tunnel magnetoresistance effect 
element 1 has a tunnel multilayer film 3 on a base 
layer 8. The tunnel multilayer film 3 has a tunnel 
barrier layer 30, a ferromagnetic free layer 20 and a 
ferromagnetic pinned layer 40 which sandwich the 
tunnel barrier layer 30. The base layer 8 is so 
constituted, that three indexes indicating the state of 
surface roughness of the base layer 8 on the runnel 
multilayer film 3 side have specified values, that is, 

center line average roughness Ra is at most 0.5 nm, maximum height Rmax is at most 5 
nm, and standard deviation roughness Rrms is at most 0.55 nm. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the tunnel magneto-resistive effect component which has a tunnel multilayer on a 
substrate layer. Said tunnel multilayer It has a tunnel barrier layer, and the ferromagnetic free layer 
and strong magnetic pinned layer which were formed as whose tunnel barrier layer was pinched. 
Said substrate layer The tunnel magneto-resistive effect component to which arithmetical-mean- 
deviation-of-profile Ra which is three indexes which show the condition of the surface roughness in 
the front face of the substrate layer by the side of a tunnel multilayer is characterized by 0.5nm or 
less and maximum height Rmax being [ 5nm or less and standard deviation granularity Rrms ] 
0.55nm or less. 

[Claim 2] The tunnel magneto-resistive effect component according to claim 1 0.01 -5nm and whose 
standard deviation granularity Rrms 0.001-0.5nm and maximum height Rmax are 0. 001-0. 55nm for 
arithmetical-mean-deviation-of-profile Ra which is three indexes which show the condition of the 
surface roughness of said tunnel barrier layer front face. 

[Claim 3] The front face of the substrate layer by the side of said tunnel multilayer is a tunnel 
magneto-resistive effect component according to claim 1 or 2 which comes to carry out data 
smoothing by the gas ionized cluster beam method. 

[Claim 4] The tunnel magneto-resistive effect component according to claim 3 whose gas used for 
said gas ionized cluster beam method is an argon, neon, a xenon, a krypton, helium, hydrogen, and 
these mixed gas. 

[Claim 5] Data smoothing in said gas ionized cluster beam method is 1015-1017 at acceleration 
voltage 10-20keV. Tunnel magneto-resistive effect component according to claim 4 performed with 
the dose of Dose. 

[Claim 6] The tunnel magneto-resistive effect component according to claim 1 to 5 said whose 
substrate layers are W, Ta, Rh, Ti, Cr, Mo, Zr, Hf, and Pt. 

[Claim 7] Said tunnel magneto-resistive effect component is a tunnel magneto-resistive effect 
component according to claim 1 to 6 which has the gestalt which comes to have a pinning layer for 
carrying out pinning of the magnetization of a ferromagnetic free layer, a tunnel barrier layer, a 
strong magnetic pinned layer, and a strong magnetic pinned layer on a substrate layer one by one. 
[Claim 8] Said tunnel magneto-resistive effect component is a tunnel magneto-resistive effect 
component according to claim 1 to 6 which has the gestalt which comes to have the pinning layer for 
carrying out pinning of the magnetization of a strong magnetic pinned layer, a strong magnetic 
pinned layer, a tunnel barrier layer, and a ferromagnetic free layer on a substrate layer one by one. 
[Claim 9] Said ferromagnetic free layer is a tunnel magneto-resistive effect component according to 
claim 1 to 8 with which a bias field is impressed to the longitudinal direction of a ferromagnetic free 
layer by the bias grant means arranged to the longitudinal direction both ends, respectively. 
[Claim 10] Said ferromagnetic free layer is a tunnel magneto-resistive effect component according to 
claim 1 to 9 which is a synthetic ferry magnet (synthetic ferrimagnet). 

[Claim 1 1] Said strong magnetic pinned layer is a tunnel magneto-resistive effect component 
according to claim 1 to 10 which is a synthetic ferry magnet (synthetic ferrimagnet). 
[Claim 12] Said tunnel multilayer is a tunnel magneto-resistive effect component according to claim 
1 to 1 1 which it comes to join to the electrode and the electric target of the couple by which opposite 
arrangement was carried out so that the tunnel multilayer concerned might be inserted. 
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[Claim 13] The tunnel magneto-resistive effect component according to claim 12 which comes to 
have the shielding layer of the couple by which opposite arrangement was carried out so that the 
electrode of said couple might be inserted. 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.i... 11/20/2006 



JP,2001-036165,A [DETAILED DESCRIPTION] 



Page 1 of 9 



* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

[0002] This invention relates to a tunnel magneto-resistive effect component. A ferromagnetic tunnel 
magneto-resistive effect component is a component which can read a small magnetic field change as 
a big electric resistance changing signal especially among the magneto-resistive effect film for 
reading the magnetic field strength of a magnetic-recording medium etc. as a signal, and this thing is 
mainly used, being included in hard disk drive equipment. 
[0003] 

[Description of the Prior Art] In connection with the densification of a hard disk (HDD), the 
magnetic head of high sensitivity and high power has been required. The tunnel magneto-resistive 
effect component using the ferromagnetic tunnel magneto-resistive effect which consists of 
multilayer structure of a ferromagnetic layer / tunnel barrier layer / ferromagnetic layer attracts 
attention to such a demand. 

[0004] A ferromagnetic tunnel magneto-resistive effect means the phenomenon in which the tunnel 
current which flows a tunnel barrier layer depending on whenever [ angular relation / of the mutual 
magnetization between both ferromagnetic layers ] changes, when passing a current in the direction 
of a laminating between the ferromagnetic layers of the couple whose tunnel barrier layer is pinched. 

[0005] The tunnel barrier layer in this case is a thin insulator layer, and it can pass an electron, 
saving spin according to a tunnel magneto-resistive effect. Generally a tunnel barrier layer is formed 
by oxidizing metals, such as thin aluminum around 10A. 

[0006] Since a tunnel probability will become high if whenever [ angular relation / of the mutual 
magnetization between both the ferromagnetism layers formed through a tunnel barrier layer ] is 
small, the resistance of a current which flows among both becomes small. With this, since a tunnel 
probability will become low if whenever [ angular relation / of the mutual magnetization conversely 
between both ferromagnetism layers ] is large, the resistance of a current which flows among both 
becomes large. 

[0007] By the way, when the application to the head for HDD of a TMR component is considered, 
the reduction in resistance of a component (lower resistance) is indispensable. The reason is as 
follows. That is, fundamentally, resistance of a TMR component is expressed with the following 
type(l). 
[0008] 

Rsigma=Csigma exp (2 kappa d) Formula (1) 

[0009] kappa=(2 m phi/h 2)1/2[0010] Here, d is the thickness of an obstruction (barrier layer), and 
the height of the obstruction potential which measured phi from Fermi level. Csigma is an amount 
decided by the electronic state of a magnetic layer and an insulating layer, and may think that it is 
proportional to the product of the Fermi level of two magnetic layers in approximation. 
[001 1] When the above-mentioned formula (1) is followed, in order to attain low resistance-ization 
of a component, it turns out that what is necessary is just to make thickness d of an obstruction 
(barrier layer) small. By making component resistance small, it is because it becomes possible to 
become possible to pass a big current, consequently to take out big output voltage. Moreover, it is 
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desirable also from the viewpoint of electrostatic-discharge (Electro-Static Discharges) prevention 
for a component to be low resistance. 

[0012] However, the more it is going to make thickness d of an obstruction (barrier layer) small, the 
more a barrier layer surface state is considered that very good smooth nature is required. Although 
thickness is thin, when smooth nature is scarce, there is a possibility that it may become easy to 
generate a pinhole in some obstructions (barrier layer), and current leak may arise from a pinhole 
part. When current leak arises, high power is no longer obtained. When extent of the current leak is 
still larger, an output may not no longer be obtained at all. 

[0013] As one of the technique of smoothing of an obstruction (barrier layer), before forming an 
obstruction (barrier layer), it is possible to plan data smoothing of the layer which exists caudad. 
However, the actual condition is the smooth nature to severalangstrom order not being expectable, 
and not conventionally, connected with improvement in a property of a component directly by the 
polish approach using the polish liquid in which an alumina abrasive grain and colloidal silica were 
included as an abrasive grain which is a well-known flattening technique. Furthermore, it is [ a 
problem of the corrosion of an electrode or a pinning layer (antiferromagnetism layer) ] and is not 
desirable. 
[0014] 

[Problem(s) to be Solved by the Invention] This invention is originated by the thing of such the 
actual condition, and the object is in offering a property with a good tunnel magneto-resistive effect 
component, and the tunnel magneto-resistive effect component where TMR rate of change is large 
especially, and improvement in a head output is achieved. 
[0015] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, this 
invention is a tunnel magneto-resistive effect component which has a tunnel multilayer on a substrate 
layer. Said tunnel multilayer It has a tunnel barrier layer, and the ferromagnetic free layer and strong 
magnetic pinned layer which were formed as whose tunnel barrier layer was pinched. Said substrate 
layer Arithmetical-mean-deviation-of-profile Ra which is three indexes which show the condition of 
the surface roughness in the front face of the substrate layer by the side of a tunnel multilayer is 
constituted so that 5nm or less and standard deviation granularity Rrms may be set to 0.55nm or less 
by 0.5nm or less and maximum height Rmax. 

[0016] Moreover, arithmetical-mean-deviation-of-profile Ra which is three indexes which show the 
condition of the surface roughness of said tunnel barrier layer front face as a desirable mode of this 
invention is constituted so that 0.01-5nm and standard deviation granularity Rrms may be set to 
0.001-0.55nm by 0.001-0.5nm and maximum height Rmax. 

[0017] Moreover, as a desirable mode of this invention, the front face of the substrate layer by the 
side of said tunnel multilayer is constituted so that data smoothing may be carried out and it may 
become by the gas ionized cluster beam method. 

[0018] Moreover, as a desirable mode of this invention, the gas used for said gas ionized cluster 
beam method is constituted so that it may be an argon, neon, a xenon, a krypton, helium, hydrogen, 
and these mixed gas. 

[0019] Moreover, data smoothing in said gas ionized cluster beam method is 1015-1017 at 
acceleration voltage 10-20keV as a desirable mode of this invention. It is constituted so that it may 
be carried out with the dose of Dose. 

[0020] Moreover, as a desirable mode of this invention, said substrate layer is constituted so that it 
may be W, Ta, Rh, Ti, Cr, Mo, Zr, Hf, and Pt. 

[0021] Moreover, as a desirable mode of this invention, said tunnel magneto-resistive effect 
component is constituted so that it may have the gestalt which comes to have a pinning layer for 
carrying out pinning of the magnetization of a ferromagnetic free layer, a tunnel barrier layer, a 
strong magnetic pinned layer, and a strong magnetic pinned layer on a substrate layer one by one. 
[0022] Moreover, as a desirable mode of this invention, said tunnel magneto-resistive effect 
component is constituted so that it may have the gestalt which comes to have the pinning layer for 
carrying out pinning of the magnetization of a strong magnetic pinned layer, a strong magnetic 
pinned layer, a tunnel barrier layer, and a ferromagnetic free layer on a substrate layer one by one. 
[0023] Moreover, as a desirable mode of this invention, said ferromagnetic free layer is constituted 
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by the bias grant means arranged to the longitudinal direction both ends, respectively so that a bias 
field may be impressed to the longitudinal direction of a ferromagnetic free layer. 
[0024] Moreover, as a desirable mode of this invention, said ferromagnetic free layer is constituted 
so that it may be a synthetic ferry magnet (synthetic ferrimagnet). 

[0025] Moreover, as a desirable mode of this invention, said strong magnetic pinned layer is 
constituted so that it may be a synthetic ferry magnet (synthetic ferrimagnet). 

[0026] Moreover, as a desirable mode of this invention, said tunnel multilayer is constituted so that it 
may be joined to the electrode and the electric target of the couple by which opposite arrangement 
was carried out so that the tunnel multilayer concerned might be inserted and may become. 
[0027] Moreover, it is constituted so that it may have the shielding layer of the couple by which 
opposite arrangement was carried out as a desirable mode of this invention so that the electrode of 
said couple might be inserted and may become. 
[0028] 

[Embodiment of the Invention] Hereafter, the tunnel magneto-resistive effect component 1 (a "TMR 
component" is only called hereafter) of this invention is explained to a detail. 

[0029] Drawing 1 is the sectional view showing a suitable example of the TMR component 1 of this 
invention. The TMR component 1 is equipped with the tunnel multilayer 3 which shows a spin 
tunnel magneto-resistive effect in the gestalt of this operation. That is, the tunnel multilayer 3 has the 
multilayer structure where the laminating of the tunnel barrier layer 30, the ferromagnetic layer free 
layer 20 formed as whose tunnel barrier layer 30 was pinched, and the ferromagnetic layer pinned 
layer 40 was carried out. 

[0030] In the structure of such a tunnel multilayer 3, in the direction of the exterior of said 
ferromagnetic free layer 20 and strong magnetic pinned layer 40, a laminating is carried out further 
directly [ the electrode 71 and electrode 75 of a couple for passing a current in the thickness direction 
(alpha) (direction) of the tunnel multilayer 3 ], or respectively indirectly, and the electrode 71 of the 
tunnel multilayer 3 and a couple and an electrode 75 are connected electrically. 
[0031] Said ferromagnetic free layer 20 functions as the so-called free layer into which the external 
magnetic field which is magnetic information is answered, and the sense of magnetization is changed 
freely. Moreover, said strong magnetic pinned layer 40 functions as the magnetization fixed bed by 
which the sense of magnetization of the ferromagnetic layer 40 concerned was fixed in the fixed 
direction. The pinning layer 50 for fixing magnetization of the ferromagnetic layer 40 (switched 
connection being carried out) is formed where the ferromagnetic layer 40 is touched. 
[0032] Furthermore, with the gestalt of operation of drawing 1 , the substrate layer 8 intervenes 
between the electrodes 71 and the ferromagnetic free layers 20 which are located in the drawing 
bottom. That is, with the gestalt of operation shown in drawing 1 , the gestalt by which sequential 
formation of an electrode 71, the substrate layer 8, the ferromagnetic free layer 20, the tunnel barrier 
layer 30, a strong magnetic pinned layer 40, the pinning layer 50, and the electrode 75 was carried 
out is taken on the substrate 5. 

[0033] The 1st description in this invention is in setting out of the surface roughness of said substrate 
layer 8. That is, in surface 8a of the side near the tunnel multilayer 3 of the substrate layer 8, (1) 
arithmetical-mean-deviation-of-profile Ra which is three indexes which show the condition of 
surface roughness, (2) maximum-height Rmax, and (3) standard-deviation granularity Rrms are set 
up, respectively so that the following conditions may be fulfilled, namely, - if it says about (1) 
arithmetical-mean-deviation-of-profile Ra - Ra value - 0.5nm or less - especially - 0.001-0.3nm 
0.001-0.5nm is more preferably set to 0.001-0.2nm still more preferably. Although it is desirable to 
bring close to zero as much as possible as for the lower limit of this Ra value, a lower limit will be 
set to about 0.00 lnm if the profitability which the skill level of current smoothing and smoothing 
take is taken into consideration. Arithmetical-mean-deviation-of-profile Ra is JIS. B It defines as 
0601. More, when the part of measurement die-length L is sampled in the direction of that center line 
from a surface roughness curve in a detail, a Y-axis is set as the direction of the X-axis and 
longitudinal magnification for the center line of this sampling part and a roughness curve is 
expressed with y=f (x), it is the value calculated by the following formula (1). 
[0034] 
[Formula 1] 
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R a - — j |f(x)| dx — 5t (1) 



[0035] (2) if it says about maximum height Rmax - a Rmax value - 5nm or less - especially — 
0.01-3nm 0.01-5nm is more preferably set to 0.01-2nm still more preferably. Although it is desirable 
to bring close to zero as much as possible as for the lower limit of this Rmax value, a lower limit will 
be set to about 0.0 lnm if the profitability which the skill level of current smoothing and smoothing 
take is taken into consideration. Maximum height Rmax is JIS. B It defines as 0601 . It is expressed 
more with the difference of the peak price to the center line of a cross-section configuration, and the 
minimum value to a detail. 

[0036] (3) if it says about standard deviation granularity Rrms - a Rrms value - 0.5 5nm or less — 
especially ~ 0.001 -0.35nm 0.001-0.55 micrometers are more preferably set to 0.001 -0.2nm still more 
preferably. Although it is desirable to bring close to zero as much as possible as for the lower limit of 
this Rrms value, a lower limit will be set to about 0.00 lnm if the profitability which the skill level of 
current smoothing and smoothing take is taken into consideration. More, standard-deviation 
granularity Rrms is the standard deviation of Z value of all data, and is expressed with the following 
type (2) to a detail. Z value expresses the difference of the peak price to a center line, and the 
minimum value. 
[0037] 
[Formula 2] 



l l (Zi-Z»y) 2 
vm«- / •••• * (2) 



[0038] Among a formula (2), the point size of data and Zi express Z value (difference of a peak price 
[ as opposed to a center line in Z value ], and the minimum value) of each data point, and, as for 
Zave, N expresses the average of all Z values. 

[0039] if Ra value of the front face of the above-mentioned substrate layer 8 exceeds 0.5nm, a Rmax 
value exceeds 5nm or a Rrms value exceeds 0.55nm in this invention — the joint of a tunnel barrier 
layer — ** — electric leakage current — being generated — being easy — consequently, while 
substantial TMR rate of change decreases greatly, a head output will decrease greatly. A Rmax value 
is important especially of the three parameters. Even if the magnitude of a actual component is 
dramatically small, there is also a case where measurement die length cannot fully be taken and it is 
such a case, a Rmax value is because it is the value which is expressing most appropriately the 
difference of the irregularity of the front face which affects a property directly. 
[0040] Data smoothing of such surface 8a of the substrate layer 8 is carried out by the gas ionized 
cluster beam method. It is the approach of carrying out incidence to the gas ionized cluster beam 
method on the wafer which should ionize 103-106 gas clusters produced by adiabatic expansion by 
blowing off to the chamber which decompressed the gas which pressurized about l-5kg to 10-4 - 10- 
lTorr extent, should accelerate on a predetermined electrical potential difference with an 
accelerating electrode, and should process the quantity (the amount of DOSU) (105-108) of a 
predetermined gas cluster. At this time, by the collision with a cluster and the irregularity on a 
substrate, the situation of being deleted by protruding heights arises and the effectiveness of 
flattening processing is acquired as a result. 

[0041] As gas used by the gas ionized cluster beam method, an argon, a xenon, a krypton, neon, 
hydrogen, helium, these mixed gas, etc. are mentioned. Especially, it is good to use an argon, a 
krypton, and a xenon from a viewpoint of profitability. 

[0042] Moreover, especially the acceleration voltage that serves as driving force for making a cluster 
collide with the front face of the substrate layer 8 as an operating condition in the gas ionized cluster 
beam method has desirable 12-18keV ten to 20 keV. As for the total dose (the amount of dose(s)), 
1015-1017, especially 1015-1016 are desirable. 

[0043] Thin film formation of the substrate layer 8 in this invention is carried out from ingredients, 
such as W, Ta, Rh, Ti, Cr, Mo, Zr, Hf, Pt, Pd, Au, Ag, and Cu, and the thickness is set as about 50- 
800A. 

[0044] In addition, by the polish approach using the polish liquid in which an alumina abrasive grain 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 11/20/2006 



JP,2001-036165,A [DETAILED DESCRIPTION] 



Page5 of 9 



and colloidal silica were included as an abrasive grain which is a well-known flattening technique, 
the surface state of the substrate layer of this invention within the limits cannot be formed 
conventionally. 

[0045] The construction material which constitutes said ferromagnetic free layer 20 and strong 
magnetic pinned layer 40 has a desirable high spin polarization ingredient so that high TMR 
variation may be obtained, for example, Fe, Co, nickel, FeCo, NiFe, CoZrNb, FeCoNi, etc. are used. 
Moreover, 20-200A of thickness of the ferromagnetic free layer 20 which functions as the so-called 
free layer is preferably made into 40- 100 A. If there is an inclination for the output at the time of head 
actuation to decline if thickness becomes thick too much and thickness becomes thin too much, 
magnetic properties will become unstable and the inconvenience that the noise at the time of head 
actuation increases will arise. Moreover, 10-5 OA of thickness of the strong magnetic pinned layer 40 
which functions as the so-called magnetization fixed bed (strong magnetic pinned layer) is 
preferably made into 20-30A. If pinning of the magnetization by the antiferromagnetic substance 
which will be later mentioned if thickness becomes thick too much becomes weaker and thickness 
becomes thin too much, the inclination for TMR rate of change to decrease will arise. 
[0046] Such the ferromagnetic free layer 20 and a strong magnetic pinned layer 40 are one of the 
modes also with the especially desirable layered product which consists of combination of the 
magnetic layer of the couple which is not limited to a monolayer and is carrying out 
antiferromagnetism mold magnetic connection, and the non-magnetic metal layer pinched between 
them. As such a layered product, the ferromagnetic layer which consists of a three-layer layered 
product of CoFe (30A in thickness) / Ru (7A in thickness) / CoFe (20A in thickness) is mentioned, 
for example. 

[0047] A ferromagnetic free layer is very better still in multilayer structure, such as NiFe/CoFe. 
[0048] The tunnel barrier layer 30 two ferromagnetic layers' 20 and 40 pinched consists of aluminum 
203, NiO, GdO, MgO and Ta 205, Mo02 and Ti02, and W02 grade. Although it is desirable that it 
is thin as much as possible for the reduction in resistance of a component, it is too thin not much, and 
leakage current will drop off and the thickness of the tunnel barrier layer 30 is not desirable, if a 
pinhole is generated. Generally, it may be about 5-20A. 

[0049] Moreover, in this invention, although the pinning layer 50 which carries out pinning of the 
magnetization of said strong magnetic pinned layer 40 will not be especially limited if the pinning 
function is achieved, an antiferromagnetism ingredient is usually used. Thickness is usually made 
into about 60-300A. 

[0050] As electrodes 71 and 75, conductor ingredients, such as W, Ta, Rh, Ti, Cr, Mo, Zr, Hf, Pt, Pd, 
Au, Ag, and Cu, are used. The shielding layer which consists of a permalloy etc., respectively 
(MAG) may be prepared in the outside ends of electrodes 71 and 75. Moreover, although, as for the 
operation gestalt shown in drawing 1 , the pinning layer 50 has illustrated the type located in the top, 
of course, the pinning layer 50 may be the type located in a bottom product. Although this bottom 
product type of laminating condition is not illustrated, the gestalt which has an electrode 71, the 
substrate layer 8, the pinning layer 50, a strong magnetic pinned layer 40, the tunnel barrier layer 30, 
the ferromagnetic free layer 20, and an electrode 75 one by one on a substrate 5 will be taken. 
[0051] The modification of drawing 1 is shown in drawing 2 . In drawing 2 , on the pinning layer 50, 
the gap layer 101 and the gap layer 105 are formed the bottom of the substrate layer 8, respectively, 
and the electrode-shielding combination layers (common lead and shield layer) 91 and 95 are formed 
in way ends outside these. The electrode-shielding combination layers (common lead and shield 
layer) 91 and 95 consist of NiFe (permalloy), Sendust, CoFe, CoFeNi, etc. The gap layer 101,105 
consists of Cu, aluminum, Au, Ta, Rh, Cr, In, Ir, Mg, Ru, W, Zn, or an alloy with these. Especially a 
gap layer achieves the function of adjustment of the distance between shielding-shielding, and 
adjustment of a TMR multilayer location. 

[0052] The operation gestalt into which the tunnel magneto-resistive effect component of such this 
invention was developed as a suitable example of the tunnel magneto-resistive effect mold head 2 
("the TMR head 2" is only called hereafter) is shown in drawing 3 . The TMR head 2 is also 
contained in the concept of the tunnel magneto-resistive effect component as used in the field of this 
invention, and is contained in the technical range of the claim of this invention. 
[0053] Drawing 3 is the sectional view showing a suitable example of the TMR head 2 of this 
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invention. This sectional view is equivalent to the field arranged so that it may counter substantially 
with the magnetic-recording medium which emits the external magnetic field which is magnetic 
information. This field is called the so-called ABS (Air Bearing Surface). 
[0054] The TMR head 2 is equipped with the tunnel multilayer 3 which shows a spin tunnel 
magneto-resistive effect in the gestalt of this operation. That is, the tunnel multilayer 3 has the 
multilayer structure where the laminating of the tunnel barrier layer 30, the ferromagnetic free layer 
20 formed as whose tunnel barrier layer 30 was pinched, and the strong magnetic pinned layer 40 
was carried out. As mentioned above, the ferromagnetic free layer 20 acts so that the external 
magnetic field which is magnetic information fundamentally may be answered and the sense of 
magnetization may be changed into freedom (free). Moreover, pinning of the whole of the 
magnetization direction is carried out so that a strong magnetic pinned layer 40 may turn to the fixed 
direction (the direction of the magnetization by which pinning is carried out in the case of drawing 3 
is the depth direction of space). Therefore, the laminating of the pinning layer 50 for usually carrying 
out pinning of the magnetization of a strong magnetic pinned layer 40, as shown in drawing 3 is 
carried out to a reverse field the side which touches the tunnel barrier layer 30 of said strong 
magnetic pinned layer 40. 

[0055] In the operation gestalt shown in drawing 3 , the electrode-shielding combination layers 
(common lead and shield layer) 91 and 95 which achieve the electrode of a ****** sake and the 
function of both magnetic shielding are electrically joined to the tunnel multilayer 3 by the both sides 
of the direction of a laminating of said tunnel multilayer 3 in the sense current, respectively 
(electrical contact). By using the electrode-shielding combination layers (common lead and shield 
layer) 91 and 95, as mentioned above, it can reduce substantially and a lead gap can prevent the flow 
of an uneven current in a tunnel multilayer further. 

[0056] A sense current flows in the direction of a laminating of the tunnel multilayer 3 which the 
current for sense is passed by such electrode-shielding combination layers (common lead and shield 
layer) 91 and 95, and is electrically joined to them by these layers 91 and 95. 
[0057] Such electrode-shielding combination layers 91 and 95 may be formed so that the tunnel 
multilayer 3 may be contacted directly, or you may make it join electrically the electrode-shielding 
combination layers 91 and 95 and the tunnel multilayer 3 respectively through the gap layer 101,105 
with nonmagnetic and conductivity, as shown in the gestalt of operation of drawing 3 . 
[0058] Said gap layer 101,105 achieves especially the function of adjustment of the distance between 
shielding-shielding, and adjustment of a TMR multilayer location, and the function to prevent that 
tunnel current becomes an ununiformity, as mentioned above, these — usually — like a graphic 
display — much more — since — although being formed is desirable, it can also consider as the 
layered product of two or more construction material selected from the above-mentioned 
construction material. Thickness of such a gap layer 101,105 is made into about 5 0-700 A. 
[0059] The tunnel multilayer 3 in this invention is formed through the substrate layer 8. It cannot be 
overemphasized that the surface roughness of surface 8a of the substrate layer 8 is set up within 
limits mentioned above. Furthermore, as for the tunnel multilayer 3 in this invention, it is desirable 
to be constituted based on a specification as shown in drawing 3 . That is, a bias field (for example, 
the direction of an arrow head (alpha 1)) is impressed to the longitudinal direction of a ferromagnetic 
free layer by the bias grant means 61 and 61 by which the laminating was carried out to the 
longitudinal direction (longitudinal direction of space) both ends, respectively, and connecting 
arrangement was carried out to them as the ferromagnetic free layer 20 which constitutes a part of 
tunnel multilayer 3 was shown in drawing 3 . 

[0060] The die length Lf of the longitudinal direction (it is substantially [ as the bias field impression 
direction ] the same) of the ferromagnetic free layer 20 concerned is set up more greatly than the 
longitudinal direction die length Lp of said strong magnetic pinned layer 40. The ferromagnetic free 
layer 20 is arranged so that at least the extension further extended to the both ends rather than the 
longitudinal direction both-ends location (displayed by the outgoing line of Line h) of a strong 
magnetic pinned layer 40 may be equipped with 20a only for a part with the die length Lf longer 
than the die length Lp of a strong magnetic pinned layer 40, respectively and may become. That die 
length was displayed by Lfe and 20a occupies a part of ferromagnetic free layer 20 at least for this 
extension. That is, 20a is as synonymous with the flash die-length part from strong magnetic pinned 
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layer 40 edge as an extension. 

[0061] The die length Lf of the longitudinal direction of the ferromagnetic free layer 20 is set to 
about 0.5-20 micrometers. Moreover, as for the die length Lfe of 20a, at least the extension of the 
strong magnetic pinned layer 40 specified with relation with the longitudinal direction die length Lp 
of a strong magnetic pinned layer 40 is set to about 0.1-5 micrometers. 

[0062] The bias grant means 61 and 61 are connected to 21 at least for the extension of the ends of 
such a ferromagnetic free layer 20 in the state of a laminating. As for the part by which the 
laminating was carried out, switched connection only of the extension is carried out to 20a, and the 
bias grant means 61 and 61 fix the magnetization direction in the direction of an arrow head (alpha 
1). From the longitudinal direction both ends of said strong magnetic pinned layer 40, the 
respectively fixed tooth space D is secured and the bias grant means 61 and 61 are formed, 
respectively, as shown in drawing 3 . 

[0063] In case such a fixed tooth space D determines the design specification of a head, in order to 
make it not reduce a TMR rate-of-change property substantially, setting to the predetermined range 
is desirable. As for a concrete numeric value, it is desirable the construction material of a head 
specification, for example, the configuration member to be used, and to set up suitably by dimension 
setting out etc. If the numeric value especially found out experimentally as a more desirable mode is 
mentioned, as for said especially fixed tooth space D, it will be desirable to consider as the range 
0.02 micrometers or more of 0.3 micrometers or less, and the 0.02 more micrometer or more range 
of less than 0.15 micrometers 0.02 micrometers or more. When the value of this D is set to less than 
0.02 micrometers, it is in the inclination for TMR rate of change to fall. If this D value becomes 
large too much and exceeds 0.3 micrometers on the other hand, the inclination which the effective 
width of recording track spreads and stops agreeing in the future demand to a raise in recording 
density will arise. When the effective width of recording track is especially taken into consideration 
preponderantly, as for a D value, it is desirable to consider as the 0.02-micrometer or more range of 
less than 0.15 micrometers (for 0.15 micrometers not to be included). 

[0064] If it explains briefly focusing on the member which is not constituting especially mentioning 
above the TMR head 2 whole illustrated by drawing 3 , in the gestalt of this operation, the insulating 
layer 111,111 and insulating layer 1 12,1 12 which consist of an alumina will be formed in the method 
of an ends outside of a TMR multilayer like a graphic display. Thereby, an insulation of the bias 
grant means 61 and 61 and the tunnel barrier layer 30 etc. is ensured. 

[0065] The ferromagnetic tunnel magneto-resistive effect is explained briefly. A ferromagnetic 
tunnel magneto-resistive effect means the phenomenon in which the tunnel current which flows a 
tunnel barrier layer depending on whenever [ ferromagnetic layer / both / 20 and angular relation / of 
the mutual magnetization between 40 ] changes, when passing a current in the ferromagnetic layer 
20 of the couple whose tunnel barrier layer 30 is pinched, and the direction of a laminating between 
40. The tunnel barrier layer 30 in this case is a thin insulator layer, and it can pass an electron, saving 
spin according to a tunnel magneto-resistive effect. Since an electronic tunnel probability becomes 
high when the mutual magnetization between both the ferromagnetism layer 20 and 40 is parallel (or 
when whenever [ angular relation / of mutual magnetization ] is small), the resistance of a current 
which flows among both becomes small. Since an electronic tunnel probability becomes low when 
the mutual magnetization between both the ferromagnetism layer 20 and 40 of this conversely is 
anti-parallel (or when whenever [ angular relation / of mutual magnetization ] is large), the resistance 
of a current which flows among both becomes large. Detection actuation of an external magnetic 
field is performed using the resistance change based on change of whenever [ angular relation / of 
such magnetization ]. 
[0066] 

[Example] The concrete example shown below explains further invention about the tunnel magneto- 
resistive effect component (TMR component) mentioned above to a detail. 
[0067] ((I) The example of an experiment) 

[0068] The tunnel magneto-resistive effect component sample as shown below was produced. On a 
substrate 5 (AlTiC with aluminum203), namely, the NiFe electrode-shielding combination layer 
(common lead and shield layer) 91 with a thickness of 22 micrometers, the gap layer 101 (Rh; 500A 
in thickness), The substrate layer 8 (Ta; 100A in thickness), the ferromagnetic layer 20 (layered 
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product of a NiFe layer (30A in thickness), and CoFe (30A in thickness)) which functions as the so- 
called free layers, The tunnel barrier layer 30 (aluminum oxide; 10A in thickness), the so-called 
ferromagnetic layer 40 (CoFe; 30A in thickness) by which the magnetization direction was fixed in 
the direction of a detection field and by which pinning was carried out, The pinning layer 50 (PtMn; 
300A in thickness) for carrying out pinning of the magnetization of the ferromagnetic layer 40, The 
thin film laminating of the gap layer 105 (Rh; 200A in thickness) and the NiFe electrode-shielding 
combination layer (common lead and shield layer) 95 with a thickness of 50 micrometers was carried 
out one by one, and the sample was produced. Completed component size was made into 
1 micrometerx 1 micrometer magnitude . 

[0069] In addition, on the occasion of formation of the substrate layer 8, after forming the substrate 
layer 8, data smoothing of the surface 8a was carried out by the gas ionized cluster beam method. 
The operating condition of the gas ionized cluster beam method and the surface roughness of surface 
8a were variously changed, as shown in the following table 1, and they produced various samples. In 
addition, the film specification and membrane formation conditions of a tunnel multilayer of being 
located above the substrate layer 8 presupposed that it is the same with all samples. 
[0070] Moreover, it faced measuring the surface roughness of surface 8a of the substrate layer 8, the 
sample was cut in the direction of a laminating so that a laminating condition might be known, and it 
measured concretely using the high-resolution transmission electron microscope (TEM) or the 
scanning secondary electron microscope (S-TEM). Measuring range formed the exclusive pattern for 
surface roughness measurement, and set it to lOmicrometerxlOmicrometer. 
[0071] In addition, the magnitude of a actual TMR component has the common thing of the 
magnitude of - (0.15micrometerx0.15micrometer) (1 micrometerx 1 micrometer) extent. Also in these 
components, it is indispensable that Ra, Rmax, and Rrms are in claim within the limits of this 
invention. If measuring range generally becomes large, the amount of many of granularity tends to 
become large. 

[0072] TMR rate of change (%) was searched for in the following way using the various TMR 
component samples for an experiment shown in the following table 1 . 

[0073] TMR rate-of-change (%) [0074] The minimum-drag value Rmin was calculated from the 
minimum value of the electrical potential difference when impressing a sink and the field of 900 
[ **] (Oe) for constant current so that the electrical potential difference impressed to a sample might 
be set to about 50mV by the zero field, and the maximum resistance Rmax was calculated from the 
maximum of an electrical potential difference, and TMR rate of change (%) was searched for from 
the following formulas (1). 
[0075] 

TMR rate-of-change (%) =(Rmax-Rmin)/Rmin xlOO - Formula (1) 
[0076] The result was shown in the following table 1. 
[0077] 
[A table 1] 
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H 1 



No. 






THR 

(*) 


(keV) 


tftUffft 


Ra(rn) 


Rmax (rm) 


Rrma (rvQ 


1 


10 


10" 


0.25 


1.6 


0.27 


26.5 


2 


12 


10" 


0.18 


1.2 


0.20 


30.2 


3 


15 


10" 


0.12 


09 


0.15 


34.6 


4 


18 


10" 


0.17 


1.5 


0.19 


31.4 


5 


20 


10" 


0.29 


2.9 


0.35 


27.3 


6 


15 


5X10" 


0.08 


0.6 


0.10 


38.9 


7 


15 


10" 


0.09 


0.7 


0.12 


37.0 


8 


15 


5X10" 


0.13 


1.2 


0.16 


33.6 


9 


12 


5X10" 


0.10 


0.9 


0.13 


36.2 


10 


18 


5X10" 


0.13 


1.4 


0.19 


33.4 


ii otet) 


25 


5X10" 


0.52 


4.9 


0.48 


16.6 


12 (it«) 


30 


10" 


0.49 


6.5 


0.30 


12.1 




25 


10" 


0.48 


4.7 


0.58 


16.8 


14 


25 


10" 


0.69 


7.9 


0.45 


8.2 


15 <J£#) 






1.25 


10.2 


1.39 


0.3 



[0078] The result shown in a table 1 shows that all three parameters that show the condition of 
surface roughness must fill the range of this invention, in order to raise TMR rate of change. 
[0079] 

[Effect of the Invention] The effectiveness of this invention is clearer than the above-mentioned 
result. This invention is a tunnel magneto-resistive effect component which has a tunnel multilayer 
on a substrate layer. Namely, said tunnel multilayer It has a tunnel barrier layer, and the 
ferromagnetic free layer and strong magnetic pinned layer which were formed as whose tunnel 
barrier layer was pinched. Said substrate layer They are three indexes which show the condition of 
the surface roughness in the front face of the substrate layer by the side of a tunnel multilayer. Since 
arithmetical-mean-deviation-of-profile Ra is constituted so that 0.5nm or less and maximum height 
Rmax may be [ 5nm or less and standard deviation granularity Rrms ] 0.55nm or less, TMR rate of 
change becomes large and a big head output is obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] Drawin g 1 is the sectional view showing an example with the ferromagnetic suitable 
tunnel magneto-resistive effect component of this invention. 

[Drawing 2] Drawing 2 is the sectional view showing other suitable examples of the ferromagnetic 
tunnel magneto-resistive effect component of this invention. 

[Drawing 3] Drawing 3 is the sectional view showing an example at the time of developing the 
ferromagnetic tunnel magneto-resistive effect component of this invention into a tunnel magneto- 
resistive effect mold head. 
[Description of Notations] 
1 — Tunnel magneto-resistive effect component 
3 - Tunnel multilayer 
5 — Substrate 
8 — Substrate layer 
20 — Ferromagnetic free layer 
30 — Tunnel barrier layer 
40 — Strong magnetic pinned layer 
71 75 - Electrode (layer) 

[Translation done.] 
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— 1 0»{iCD^/X^^X^-^^^>^|:U, ttl31^»c 



sat<<K-*«) i o s - 1 o a ) zmm-r^zv*- 
[0041] #*^x*W:*>fc*~A&^!H>e>n 

[0 042]$/c t #*^*£~^*>e'~AffiiC:te 
W4»l¥*friir, *^**~£TftiiJ18CDai!St« 
^5if^/^<D«il^<t^^tjnii^iJEU, 1 0 — 2 0 k 

eV t ^fCC, 12-18keVWiU^ *£figg*fi(d 
oseS)te, lO 11 -^ 17 , ^C, 10 15 -10 16 W 

[0 0 4 3 ] **!BJC;teW*TttJB8«: % W. Ta, R 
h. Ti. Cr, Mo, Zr, Hf, Pt, Pd. A 
u. Ag, Cu^)M»WJgM?n 4 
5 0-8 0 0 AftS^^$n^ 0 

[0044] fiesfe&j^TS^baasr**. 
[oo45] mnmvmy v-m2o *sj:a?m&v> 

Scfc^«cW^t:>»S*m^»*l/<, Fe. 
Co. Ni, FeCo, NiFe, CoZrNb, Fe 
CoNif»^, 

titlf«Itt7»j-I2 0©UI^ 2 0-2 0 0 
A, ^K«40-1 0 0A£$n^ o 

£/c, l>t>*>*tt{bH£« (9iattte>F«) 
iOr«8B-rS5S»tttf>K»4 0©«OTtt, 10-5 
OA. fiFS U< W2 0-3 0 Ai$ns e R^J?< 

*k mm&m< fco-ra?*^ t 

[0 04 6 ] C0<fc^aiB7«;-JB2O*jJ:C«l« 
ttt:>Fi4 0tt, #»CCR5ESn^Ci«3Q:<, R* 

«, Wt«, C o F e (ii$30A) /Ru 7 
A)/CoFe («S2 0A)O3M«^^il 

[0 04 7] 5 tblC&ffi&y V -Jttt, NiFe/Co 



(5) ^2 0 0 1 -36 1 6 5 

8 

F e ioTfc Jet ». 

[0 04 8] 2o©5SfiStt»2 0, 4 0 Ctcfc n 
^h>^;^y7130« 4 A 1 ,Oj, N i O. Gd 

0, MgO, Ta,0 5( MoO,. TiO,. WO,f^ 

L*l*»*0< -HttCCtt, 5-2 0 A*lK<!:3ft 

io [0049] *«9jccfei»T. «ria3*«ttfcr> k 
®4 o<D«{b*fcr>±«e>-r«fcr>jha<>»5 o», *©tr 

6 0—3 0 0AiSi$nS 9 

[0 0 5 0] H®7 1, 7 5±UXU, W, Ta, R 
h, Ti, Cr, Mo, Zr. Hf. Pt, Pd. A 

u. Ag. cu^<Dmn&ttm&m^tz>ti2> 0 mmi 

1. 7 bvymmmtcittti^H^-^ujwfriDrj:* 

(»») ^-^KJl*»wrfcJ:c». £/c. SICCUS 

1, TifeJi8, f>ihtf>J15 0, 3S$&t£t:'> FH4 0, 
[ 0 0 5 1 ] i 2 iCiJi 1 (D^W^5 ni> 0 ^2CC 

•en^* * o i <t=^> ym i o 5*iMsn, 
30 ctifbco^mm^tm^-^-^^mmm (common i 

ead and shield layer) 9 1,9 5 ifil&fSLS *l"Cl>& 0 
HIS-^ — Jl* KsftfflJB (common lead and shield laye 
r) 9 1 .9 5tt, NiFe 0<-^U-f) % -fe>#X 
K CoFe, CoFeNi^6«n^ v 
^1101, 10 5«, Cu. A 1 . Au, Ta. R 
h. Cr. In. Ir, Mgr. Ru. W. Zn*^(J 

40 [0 05 2] 5 h > *)VW$ti&tf3tom 

[0 05 3]i3«, *^©TMR^: y F 2 ©«Ht«C 

— w*^-r»r®Hr*-s Q c<Dmmmtem^ffimx$>*> 
cciea^jhsfficcffl^-ra. cobij, abs 

50 (Air Bearing Surface) £ P^&itl&o 



9 

[0 054] COm&Oj&miCto^X % TMR^ y F 2 

ccu-r^fltsnytsssstt^ 'J-120 <btt«ttttr> f» 
4 0^si3n/c^iJiliMWLri^ 9 itr^L/ccfc 

awawccjssbrasc^ y-)fcfiWb©ft#;^;fce>*i 

rc>£ (H3o«^tr>±«>3<i-5W{b©*iti«*Rffi(C> 

3S»ttt: >F14 0 ©8W b* tr > - > & fctf>© tr > 
jhabJB 5 0 3&«, BWB*88ttt:> FJB4 OO r >*JUroj 

#©««**te-*\ ««-^-^F3fcfll« (common lea 
d and shield layer) 9 1 ,9 5^ ^rtl^tl, 

(electrical contact) £*aTt>£ 0 mT^U/cJ: 
^ttCmfe-i'—Jl' (common lead and shield 1 

aver) 9 1 ,9 5 £J?3l>& C <!: K <fc 9 , tf-F***^ 

[0 0 5 6] C©J:5tt*«-^-JWFS*ffl» (common 
lead and shield layer) 9 1,9 5 KHz>;*JE<£>^& 

^ijfE^n. cne>(DJt9 1 ,9 sccmawcca^strc 

[0 0 5 7] c©J:Vj:fI-^Fiil9 1 ,9 
ntfei^U *SC»ttH3<D*Jfc<DJg«RCC^Sti&J: 

5^r, tti^ti^Lxmm-^-^\ c mmm9 1,95 

<t h>^^^M3<b^m^Wtc^T^cfc ; 5»^or4> 

[0 0 5 8] ffi&*f+ ^71101,105^ bu^L, 
/c<fc5fc, «fCc, ^-JUF-^-^FIfflffiKOPWItoi: 

1. 10 5(D)gJ¥te, 5 0-7 0 0A*SK£$*l& o 
[ 0 0 5 9 ] &jmtCW't& b >^^1I3«, Tlfe 



(6) 4$H) 2001-36165 

10 

iWEaisnfc^-fr^fl-^ae 1. 6iccj:t>t. an 

(a 1 ) ;#fa) WWrnStiZikSiCte^X^Z. 

[0060] mnmmxty ';-i2o©fi?^ cm 

fttttt 1: >F14 0 © Jt^fiift £ L „ <fc 9 < IS 
tte>FJ14 0©ft3L o J:0fcgl>#ft:tt, ^<£«£a 

>ho3i#mu<rcai^i*n£) *g*>3&fcsi«s*i 

C<Di£«awa2 0 a&£, ^©^3^L ft r^S 

ft* 9S«tt^u-»2 00— w»*!5»ri»&. 

K) . l£33ffi&2 0aiMftf> KJ14 0^gB^6CD« 

*a o« s ± mmx$> z> a 

[0 06 1 ] V-12 OCDft^fiKOftSU 

20 fct, 0. 5-2 0/xm^gi$tl^ £/c> ^®ttf> 

F»4 0 ©«fsioifiSL P tcDmmxmmztiz&m 

ttfcr>F»4 0©ffi5Rawa2 0a©S3L f .». 0. 1 

[0 06 2 ] CO<l:^^ltt7 «J-12 OcDM^cDffi 
3BSB&2 1 *C. ^^7^WS6 1,61 **8Mtttt 

-esMsissft*. ^^rxtt^6 1. 6 uwwBSft 

^EP (a 1 ) ^{cif^n^o ^V7X#^S6 

1. 6nt -e-ft^ft, H3*c*3ft*<fc5fc«riBatt« 
30 ttf> fjb4 0 <7>s**iPipf«iaB^6*n-en— 56©^ 

[0 06 3] COJ;5&— ^CDX^-XDte, ^9 F<D 
l»f-tt«*««"r*«ICc. TMR»b*»tt*3(Sime|«C 

M^b^o AttfiHKfiSK. PfJbW. 

0. 0 2uLmVL±.mc^ 0. 0 2/zmfcLh0. 3 
40 jumWTOIl, $6^C^0. 0 2/2m^l0. 15/i 

0. 0 2Mm*li^^i, TMRSE{b*3W<STr-S« 

0. 

i*Ki^*ffifb^o#*<o»*;c-&aott < ^-SM^^s 

fBt*0. 0 2/imfellO. 1 5 um5fcm<Dmm (0. 1 

[0 06 4] S3tC^^*l/cTMR^^ F2^<*(D« 
50 »{CjiaLri^C»SBtt«:^CCL/rfBf«c|tteBO 
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dim. 111 xatmm 112. 112 mm 
$n§o cftccj:»K ^rxw^aei. 6 1 1 h 

>*jW* 'JT130 <DJ»*fc &*>ti*<fc 5 

[0 06 5] h V^^ffl^StaS^JCOOirfBm 

4 0iffl«c*5W^si»ofiBMtotB*fftS«:«cSl/r h>* 
5. c<d*#^<d r>*^vrJi3 o«, «t>#&«ig-c 

oiBcc*j^^si»©«fb6«wr*-&»d (£>*^&*£ 
ctii waste. »M2o, 4or^cfctu 

[0 06 6] 

mr^) icmirzmn*. jaiTcc^-r^ftK^aswcc 

[0 06 7] (IBRffl I ) 

[0 06 8] TfBCC^-Tcfc 5 r >^;HiMSW^ 
W^^^RU/c. ^ftfe^ S«5 (Ah O s 
tt^CDA 1 T i C) (D±K\ 2 2 MmON i F ell 
ffi-^— ^ FStfflB (common lead and shield layer) 
9 1, ft^llOl (Rh ; J12500 A) , TM 
18 (Ta;I5100A), l>*>$>&:7 'j-Iilt 

m&-rzmmm2 o (NiFei (i?$3 oa) <tc 
of e (m$3 OA) (ommi*) s h>*;M«;ri3 

0 (lil:r^^^A;J13 10A) . fflWb^f^tfeU 

i6i c c mfe $ n /c i >tD 80> £ e* > ~ > ^ s n tc mmn 

TMR^fb^ (%) = (Rmax 
[0 0 7 6 ] *S*«rTIE* 1 CCt^L/c 0 
[0 0 7 7 ] 



12 



*I40 (CoFe ;ii$30A) , ^Itl4 0©Iib 
£fc'>~>y^£/cd6CDfc->iL#>J15 0 (PtMn;H 
$ 3 0 0 A) % *t-^il05 (Rh;f$2 0 0 
A) , 5 0 mdq<DN i F e^«-*>-Jl> K^cfflU 
(common lead and shield layer) 9 5 £M<K. 

mx 1 /ira(D^:^$i U/c 0 

[0 06 9] frfc, T»»8 0»J5RCC|«LrW, TttfeU 

10 tf-A&KcfcO^fbMSbfc. 

tf-Affio»ft*fr*5j:^*W8 aCD^®lfl$«TIB^ 

<omi±mte£z?mM&mz±x<DV>'?)\,xwi—± u 

[0 07 0 ] g/c, Tift©8<Dil®8 a<Da®ffi3£®J 

(TEM) ^SI2^iM (S-TEM) *m 

>*0JtSU 1 0 Mm x l 0 /zmiU/c, 
[0 0 7 1 ] H»®TMR*^<0;**S&*. 
(0. 15MmxO. 1 5 Mm) — ( 1 Mmx 1 Mm) 

itt©**3©fco*sH»mr*s. en 6 ©awe** 

OTfc, Ra, Rmax, *5cfcO'R rms^^CD^ U- A 

[0 07 2 ] TIBSll CC^3n£M*<D||f&/flTMR§?S 
-T-i^^i^ffl^-c, Ti2<£>^reTMR^fb^ (%) 

30 &>£#>tCo 

[0 0 7 3 ] TMR^jb$ (%) 

[0074] v>rf)V( f cwimztLZ>mEE&-e&M¥i-x 5 

OmVe«<fc3te*J:^iC5e««*i«U, ±9 00 (O 

e) (omn^Bmctcm^mKcoM^m^^^mmm 

Rmin£r3te£> v ^ff<Di^i*i ^cffifnifil R max 

ttTOWWsS ( 1 ) *>e>TMR^bsg (%) £ 

[0 07 5] 



— Rmin) /Rmin 
[f£l ] 



x l 0 0 -5£ ( 1 ) 
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13 14 
£ 1 



li- 
no. 




T ****** 


THR 

CI) 


CkeV) 




RaCrw) 


Rn&x (no) 


RrosCmO 


1 


10 


10" 


0.25 


1.6 


0.27 


26.5 


2 


12 


10" 


0.18 


1.2 


0.20 


30.2 


3 


15 


10" 


0.12 


0.9 


0.15 


34.6 


4 


18 


10 u 


0.17 


1.5 


0.19 


31.4 


5 


20 


10" 


0.29 


2.9 


0.35 


27.3 


6 


16 


5X10" 


0.08 


0.6 


0.10 


38.9 


7 


15 


10" 


0.09 


0.7 


0.12 


37.0 


8 


15 


6X10 1 • 


0.13 


1.2 


0.16 


33.6 


9 


12 


5X10 38 


0.10 


0.9 


0.13 


38.2 


10 


18 


5X10 14 


0.13 


1.4 


0.19 


33.4 


11 (Jt«) 


25 


SX10» 


0.B2 


4.9 


0.48 


16.6 


12 (*t&> 


30 


10 M 


0.49 


6.5 


O.30 


12.1 


13 (fctfc) 


25 


10» 


0.48 


4.7 


O.S8 


16.8 


14 (Ifcfc) 


25 


10 17 


0.69 


7.9 


0.45 


8.2 


15 CJt«E) 






1.25 


10.2 


1.39 


0.3 



[0 0 7 8 ] aiK^$ti4»*<tD, TMRtft?^ 
[0 07 9] 

W«Wfi$Ra^0. 5nmHT feAciSi* 
Rmax**5 nmWT, flWflHfeB S R rms** 0 . 5 5 n m 

*#<ft0, **Sc^vKB**J»6n*. 



[ ■ 2 ] ■ 2 K. h > * ^ttAtfifSttJII 

[H 3 ] H 3 *«9!©3ttHtt h >*^S^JS«3tt* 

30 3- h>*;l/£HMH 
5-WK 
8-TMUB 

3 o— h>^w<yri 

7 1, 7 5-lid) 



FIG.1 



[H3] 
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FIG.2 



FIG. 3 



